For the past decades, networks have evolved to increase their performances, their capacities, to reduce latencies and optimize their resource management in order to remain competitive and adapted to the market. Today, the way consumers use networks has changed and more heterogeneous services with their own requirements have emerged. This has led network operators to define the network slicing paradigm.
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Network slicing creates multiple partitions in the network, each partition can be dedicated to a particular service allowing vertical markets and multiple services with different requirements to run on top of a single infrastructure. Network slicing opens up new opportunities, aims at providing end-toend services across multiple administrative network domains and is expected to facilitate the integration of the satellite into terrestrial networks.
To allow the flexibility level required by network slicing, satellite technologies have to evolve. Satcoms actors have therefore been working on improving satellite equipments. On the one hand, researches conducted in projects such as H2020 VITAL [1] - [4] focused on the application of Software Defined Network (SDN) and Network Function Virtualization (NFV) paradigms in satellite networks resulting in a flexible satellite network management. On the other hand, projects such as H2020 SaT5G [5] studied the integration of the satellite into 5G networks, initiating various ways of integration and identified connection points as well as possible hybrid terrestrialsatellite architectures and end-to-end network management system [6] . Testbeds followed the theoretical analysis and ESA's current project SATis5 [7] is making it its core topic.
The work presented in the full-paper is the next step we propose to those initiatives. It focuses on the network slicing concept applied to satellite networks which, we believe, is a mandatory requirement for a full integrated satellite into 5G networks. We first start by describing the main challenges associated to the satellite slice definition. We then highlight a set of requirements for such a satellite slice. Based on those requirements, we construct and propose a complete Satellite Slice as a Service (S 3 ) framework which mutualizes the satellite infrastructure to provide a seamless integration into 5G networks.
NETWORK SLICING FOR SATELLITE NETWORKS
Applying the network slicing paradigm to the satellite is not straightforward, fundamental questions must be addressed. We propose an in-depth analysis of the network slicing in 5G networks [8] - [10] and more generally in the terrestrial networks [11] - [13] , then we pinpoint similarities between 5G networks and satellite networks as well as differences, and finally we are giving our definition of network slicing for satellite.
A network slice is more than a simple network partition. It is firstly supposed to considerably increase the flexibility of the network management for a network operator and secondly be able to abstract the infrastructure complexity. This allows a tenant without network management knowledge to run services on top of the infrastructure.
Services running on top of a satellite slice could be satellite specific services as well as more generic ones [6] . It could be for instance a satellite connectivity with enhanced services or an Over The Top (OTT) service using the satellite connectivity. An important feature of satellite slicing is to ease the creation procedure and management of Satellite Virtual Network Operators (SVNOs) for a Satellite Network Operator (SNO). Satellite slicing should offer the ability to change the level of flexibility that a SVNO has on its slices from simplified Application Programming Interfaces (APIs) to complete management of the infrastructure. Moreover it should fit the 3GPP specifications on network slicing as the satellite could be integrated in various ways into 5G networks (from a simple Transport Network to a fully integrated 5Gsatellite network as explained in SaT5G [14] ).
From the aforementioned network slicing analysis and the associated challenges, we extract and summarize a set of slicing requirements such as slice network isolation, slice life-cycle management or slice orchestration. Additionally, we consider satellite network specific requirements, we then categorize all the requirements making them the key elements we rely on for the S 3 framework design and validation.
SATELLITE SLICE AS A SERVICE (S 3 )
Empowered by SDN and NFV, we build S 3 which includes defining, modelling, deploying and orchestrating multiple satellite slices on top of a mutualized satellite infrastructure. As shown in Figure 1 , we consider the satellite as a Transport Network (TN) and model the satellite as a 3GPP Network Slice Subnet (NSS) [9] : the satellite is a network slice subnet providing all the necessary mechanisms to communicate and handle flows from 5G Radio Access Network (RAN) and Core Network (CN). For this integration, we proceed mainly as follows:
• We define APIs between the 3GPP management system and the satellite management system (considered as the TN manager in the 3GPP specification [9] ): through those APIs, the management systems will exchange information such as slice creation/modification requests, 5G Quality of Service (QoS) parameters or performance constraints. Those interfaces are the main exchange points between the 5G network and the satellite network control plane. • We upgrade the satellite HUBs with SDN/NFV: the current satellite architecture can be challenging to support the dynamism inferred by 5G networks, therefore we push forward the work on the virtualization of the satellite gateway [2] . We now consider the satellite HUB as a pool of resources and propose to dynamically build the satellite gateways based upon slice requirements and resource availability. Inspired by the 5G Service Based Architecture (SBA), we model the gateway as a composable succession of Network Functions (NFs). The customization of the gateway allows to fully exploit the various satellite types such as LEO, MEO and GEO and to benefit from the current work done in 3GPP on 5G. • We introduce Slice Classifiers: those classifiers are the components which stitch the different network slice subnets of the end-to-end slice as shown on Figure 1 . They answer the challenges related to the flow handling between the 5G RAN, 5G CN and the satellite network slice subnet. Furthermore, we generalize our approach of the network slicing concept for satellite networks making the framework usable in other context than in 5G. This feature makes S 3 extensible by design: it can be used to establish and orchestrate end-to-end slices through the satellite and the 5G terrestrial RAN and CN as describe above, or be used in a standalone version. In its standalone version, the framework is used to deploy and orchestrate "pure satellite slices": the satellite is not a 5G network slice subnet anymore and can be considered as an end-to-end slice offering customizable APIs.
In our future work we plan to implement S 3 on a real testbed first and then experiment multiple use cases in order to demonstrate the flexibility of our approach in defining and deploying satellite network slices.
